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In 1951, 210 granite masons were examined (about 84% of the total at that time) and 37 (17 6%) showed silicosis. These men were followed up for 10 years. No silicosis was seen in men with less than 15 years' exposure, but after this time the risk increased to 11 out of 14 in those with over 35 years' exposure. Nine deaths occurred, two of which were due to silicosis. Radiological progression was observed in 13 of the 28 survivors. It was not necessarily associated with additional exposure but was related to age. More young men progressed.
In 1961, 132 of the granite masons (about 93% of the total at that time) were re-examined and nine new cases of silicosis were found to have developed during the 10-year interval. The exposure in the 1961 cases was comparable with that of similar cases in 1951. Thus, the risk has not been much reduced over this period.
Pulmonary tuberculosis occurred in eight of the 37 cases of silicosis in 1951, and between 1951 and 1961 a further five cases were diagnosed, four being from one locality. This was by far the most frequent and disabling complication. Only one case of progressive massive fibrosis was seen.
More extensive use of protective antituberculous chemotherapy is advocated, and also better dust control.
Description of the Industry
Cornwall and Devon form the south-western extremity of the granite ridge which extends northeast through England into Scotland. The granite in these areas is an acid rock, occurring by volcanic intrusion of the molten magma into the surface slaty material. It is coarse-grained, and consists mainly of felspars, micas, tourmaline, and quartz. The quartz crystallized latest in time and "binds" the rock and gives it its hardness. The quartz content of this granite varies from place to place, between 30 % and 40 % free silica being usual, though figures well above 50 % free silica are quoted, especially near metallic lodes.
The getting and dressing of the granite has been a considerable industry in the area for many centuries. Rising costs and the development of cheaper building materials have greatly limited the demand for prepared granite for building and paving, and the industry has in recent years been largely focused on monumental work.
is done with pneumatically-operated percussion drills, with no water-feed, and no dust-prevention measures are used. There is no tunnelling for the granite and all the quarrying is in open-air conditions. Quarry work is unskilled or semi-skilled.
The "yards" vary from a quite small clearing on the exposed moorland to the type of yard illustrated (Fig. 1) Blocks of granite may first be surfaced with the "dunter", a type of heavy mechanical hammer whose striking-face is equipped with rows of chisel-like points. As the striking-face moves to and fro on the surface of the block it removes gross irregularities by fracture. The dunter is the most obvious producer of dust in the processes, but it is used intermittently and is idle for considerable periods, often weeks at a time. The smaller yard may not possess one, all the smoothing being done by hand.
The skilled work of final smoothing, shaping, and scribing is done by tradesmen, known as dressers or banker-masons, the "banker" being the granite slab mounted on wooden joists in the shed where the tradesman works. Banker-masons serve a five-year apprenticeship and, being skilled tradesmen, tend to remain lifelong in the industry. The workman's way, and up to the present it has not been completely successful (Fig. 3 ).
Methods and Materials
With the co-operation of the Cornish and Devon Granite Masters' Association and the Associated Union of Building Trade Workers, 406 workers in the industry were brought to three centres for clinical and radiographic examination. These were at Longdowns, near Penryn, at De Lank Quarry, near Bodmin, and at Tavistock.
These surveys were carried out between November, 1951, and November, 1952 . The total of 406 examinations represents a response of approximately 67% from all classes of worker in the industry, but the main purpose of the surveys was to examine as many as possible of the granite masons. Of these, there were 250 in the industry in 1951, and 210 were examined, a response of 84%. Having regard to the number of small, independent firms, totalling approximately 90, many of which were isolated in remote situations, it was felt that this response was as high as could be expected.
The 210 granite masons formed the subject of the initial investigation. All those in whom silicosis or tuberculosis was suspected were followed up for a period of 10 years. At the end of the 10 years, contraction of the industry had caused a reduction of 40 in the number of employed granite masons. A further 28 had either died or retired, so that the number available for re-examination was no more than 142, of whom 132 were radiographed again between March and September, 1961.
The medical and occupational histories were recorded together with the physical examination of the cardiovascular and respiratory systems, including blood pressure readings and exercise tolerance tests on which an approximate assessment of disability could be based.
An analysis of the ages and lengths of exposure to granite dust of the 210 granite masons is given in column 1 of Table 2 . These data relate to 1951.
The equipment and vehicles of the Mass Radiography Service were made available for the radiographic examinations. The technique complied with the recommendations of the Pneumoconiosis Research Unit of the Medical Research Council (Fletcher, Mann, Davies, Cochrane, Gilson, and Hugh-Jones, 1949) . Full-sized standard speed film at a focus-film distance of 60 in. (1524 m.) was used with a 400 mA x-ray generator.
Industrial Classification.-Workers were classified into five occupational groups. The term "granite mason" has been applied only to those who had completed their apprenticeship and had a total of not less than five years' experience. Sawyers, polishers, and quarrymen have been classified separately. Apprentices, clerical workers, and drivers have been included under the heading of "others". The numbers examined under each heading are given in Table 1 .
Radiographic Classification.-The Geneva (1958) There was only one case of progressive massive fibrosis and this was easily identified at the time of the first examination and placed in category B. The main difficulty encountered in classifying larger opacities was caused by shadows which we considered were probably the result of tuberculous infection. The conventional grouping into "clinically significant" and "inactive" tuberculosis was used in 1951. By "clinically significant" is meant a tuberculous shadow whose presence indicates that the subject should at least be kept under observation (Mann, 1951) .
As a result of the 10-year period of observation it has been possible to classify cases of clinically significant tuberculosis more precisely in the follow-up report. In ascribing a tuberculous aetiology to these shadows, the criterion of the positive sputum has not been used because in our experience with this type of case, repeated examinations may be negative despite a definite increase in the extent of the disease as determined radiologically. In none of these cases did we observe coalescence of shadows to form the appearances typical of progressive massive fibrosis. Cases in which a frank break-down of the disease occurred have been described as "clinically active" in order to distinguish them from those showing no more than a slow radiographic advance without cavitation or positive sputum. These have been described as "radiologically active".
Results
Silicosis.-Evidence of silicosis was found in 37 cases, giving a prevalence rate of 17-6% in the 210 granite masons in 1951. The radiographic categories of these 37 cases are given in Table 3 together with In the three geographical groups, the prevalence of silicosis among granite masons at Penryn (120%) was only half the rates at Bodmin and at Tavistock (both 24 %). Some of this difference is accounted for by the higher proportion at Penryn of men under 40 years of age and with an exposure of less than 15 years. Within the comparable age and exposure groups the rates were closer, but there does appear to be evi- dence that silicosis developed at a later age and after longer exposure at Penryn.
In 1951, no case of silicosis was found in men with an exposure of 15 years or less; after this time, the prevalence rises progressively, and in the small group with over 46 years' exposure all had silicosis. An analysis of the 37 cases of silicosis by age and exposure is given in column 2 of Table 2 .
In quarry workers four cases of pneumoconiosis were found. One of these was attributed to kaolin, the exposure to which had been more than twice as long as the exposure to granite. The other three were cases of silicosis, but one had spent four years underground in a tin mine. The remaining two had been engaged for short periods in surface work at tinmines, but had never worked underground.
By the end of the 10-year period of observation radiological progression had occurred in 13 of the 28 surviving silicotic granite masons. An analysis of the 13 cases by age and exposure is given in column 3 of Table 2 . Within the limited group of silicotic granite masons with an exposure of between 16 and 25 years in 1951, 11 progressed whereas only two showed no subsequent evidence of progression.
No relation between progression and additional exposure to dust could be demonstrated. Of the 13 men with progressive silicosis, only five continued to be exposed throughout the full period of 10 years' observation; one was exposed for a further seven years; one for six years; two for four years; one for two years; and three had no additional exposure (Fig. 4) .
In the three geographical areas it was noted that the progression rate at Bodmin (nine cases in 16) was substantially higher than at Penryn (two cases in seven) or at Tavistock (two cases in 14).
Changes to a higher radiographic category between the first and second examinations are shown in Table 4 The prevalence rates for the whole industry in 1951 showed little difference between the three examination centres. Seven of the nine newly diagnosed cases occurred in the Bodmin area, however, and in consequence the prevalence in this area in 1961 rose above that at Penryn and at Tavistock. The over-all rates together with the figures for the granite masons are summarized in Table 5 .
Disability.-Of the 28 surviving silicotic granite masons, 16 remain in full-time employment. Ten of the 16 are carrying on at their trade, although three of them have radiologically active tuberculosis. The other six men who are still at work have left their trade; two of them are in good health; two have radiologically active tuberculosis; one has had clinically active disease and remains partially disabled; and one is partially disabled by emphysema associated with pleural fibrosis and calcified hilar glands.
Of the 12 men who are no longer at work, six are under the age of 65 and are unemployed because of disability. Four of these six have significant tuberculosis, two being clinically active. One man has coronary insufficiency and one is no longer employed because of deafness.
The remaining six men have retired, three being in fair health for their age. Of the other three, one has hypertensive heart disease and two are disabled by dyspnoea attributable to silicosis, in both cases associated with healed tuberculosis and considerable calcification of the hilar glands.
I
Deaths.-Nine deaths occurred among the 37 granite masons during the 10-year period of observation, but only the two deaths from cor pulmonale could be directly attributed to silicosis. The causes of death were: carcinoma of the bronchus, 1; carcinoma of the colon, 1; carcinoma of the pancreas, 1; pulmonary tuberculosis, 1; cor pulmonale, 2; coronary occlusion, 2; and aneurysm of the aorta,
1.
In addition to these, one of the quarry workers found to have silicosis died in 1953 from cor pulmonale. This leaves unexplained the higher rate of progressive silicosis which also occurred at Bodmin in contrast with the other areas. The numbers in this investigation are too small for us to draw firm conclusions, but there does appear to have been an association between recent tuberculous infection and progressive silicosis in this instance.
Pulmonary Tuberculosis.--The problem of progressive massive fibrosis was quite outweighed in this series by the serious extent of reinfection-type tuberculosis. Indeed, this was by far the most disquieting feature of the investigation. The importance of this disease is further stressed by the frequency with which it appears as a cause of disability.
The initial assessment of the activity of tuberculosis is obviously difficult, and the most instructive feature of the 10-year follow-up period proved to be the correction of errors of assessment made in 1951. All but one of the cases originally regarded as of clinical significance subsequently showed signs of either clinical or radiological activity, and three cases initially assessed as inactive later proved to be active. This experience should serve to reinforce the view that all cases in which there is any doubt should be treated as potentially active.
The occurrence of tuberculosis in all categories of simple silicosis necessitates a separate classification of the two diseases, and the simplified convention used by Cochrane, Davies, Chapman, and Rae (1956) in coal-miners' pneumoconiosis cannot therefore be applied to granite workers. There are many difficulties in applying a more stringent policy to the control of tuberculosis in the industry, though this is clearly needed. Many of the quarries and workshops are situated in remote places. Unemployment rates in these neighbourhoods are relatively high and transfer to other work is resisted. Access to chest clinics is difficult and time consuming. Long-term antituberculous chemotherapy in the earliest stages of the disease and in supposedly quiescent cases cannot be easily supervised on an out-patient basis, and admission to hospital is often declined. Protective chemotherapy is now being used more extensively at the chest clinics in the area, but it is too early to assess its value.
A reduction in the prevalence of tuberculosis in the neighbouring population may be expected to result from continuing work in the preventive field, but it will be many years before men over the age of 35 can hope to feel the benefit. Meanwhile, there is every reason to make still further use of chemotherapy as a preventive as well as a therapeutic measure in cases of silicosis.
In working towards an improvement in the health of the industry, the elimination of preventable infection is obviously of very great importance, but it should not be allowed to overshadow the basic need for better methods of dust control.
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